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Preparation of Au/Cu reference sample by impregnation method 
The reference sample of Au1Cu1 on MgO powder (Alfa Aesar, size between 100-200 nm) was 
prepared by a traditional impregnation method.[1] Firstly, the pore volume of the MgO support was 
carefully measured by adding deionized water until reaching the incipient wetness point, and 
following the change in mass during the addition. Copper nitrate hemipentahydrate (0.088 g, Alfa 
Aesar) and tetrachloroauric acid solution (0.184 g, 41.22 wt% Au, Johnson Matthey) were dissolved 
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in the appropriate volume of water to fill the pores of the support and to give the desired concentration 
and ratio of metals in the final product. The support (9.9g) was added to the copper-gold solution, 
and the mixture stirred to give a wet solid which was equally impregnated throughout. The wet solid 
was dried at 100°C for three hours, followed by calcination in a 5% H2/N2 gas mixture for four hours.  
 
Computational method    
The geometry optimization of 4-nitrophenol and 4-aminophenol absorbed on Au13, Cu13 and Au12Cu1 
clusters were performed based on the spin-polarized density functional theory (DFT), as implement 
in Vienna Ab initio Simulation Package (VASP),[2, 3] where plane waves were employed as basis with 
a cutoff energy of 400 eV. The model configuration we chose is a buckled biplanar model[4] (one 
layer has 6 atoms and the other layer has 7 atoms), which has been confirmed more stable than 
icosahedron.[5] To describe the core electrons interactions, projector augmented wave[6] (PAW) was 
employed, and generalized gradient approximation (GGA) was used as the exchange-correlation 
energy correction. The geometry optimization of the metal cluster/molecule were carried out at the 
gamma-point of the Brillouin zone. All the optimized structures were set to 10-5 eV/atom in energy 
threshold and 0.02 eV/Å in force convergence. The adsorption energy of nitrophenol (aminophenol) 
on metal cluster can be obtained by the Equation (1). All the energies refer to optimised systems.   
Eads=Ecluster+Emolecule-Ecluster/molecule             (1) 
Where the Ecluster, Emolecule and Ecluster/molecule are the energies of the metal cluster, adsorbed molecule 
and the entire composite system (cluster/molecule), respectively. The length of N-O and O-metal 
bonds were measured directly from the optimized structures. 
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Apparatus for the synthesis of bimetallic clusters using the cluster beam approach 
 
 
Figure S1 (a) Schematic diagram of the magnetron sputtering gas condensation cluster source with 
dual targets. The system consists of four parts: magnetron sputtering, ion optics, mass monitor and 
powder deposition. (b) Close-up view of the cluster deposition on MgO powder. 
 
Catalytic performance and particle size distribution of the reference catalyst 
 
Figure S2 (a) Plot of -ln(Ct/C0) versus time for the nitrophenol reduction catalysed by the Au1Cu1 
reference sample. The slope of the fitting lines shows the apparent reaction rate constant. (b) Cluster 
4 
 
diameter distribution histogram of the Au1Cu1 reference sample. The inset is a typical HAADF image 
used to obtain the cluster diameter distribution.  
 
Table S1 ICP results of the Au1Cu1 reference sample 
Sample Au loading wt% Cu loading wt% Au/Cu atomic ratio 
Au1Cu1 reference  0.96 0.45 0.69 : 1 
 
Table S2 Recent studies on the nitrophenol reduction over Au and Cu based catalysts with different 
supports 
Catalyst 
Particle size 
(nm) 
NaBH4/N
itrophenol 
Metal loading kapp (s-1) 
knor 
(s-1 mol of metal-1) 
Au on TiO2 [7] / 100 1 wt% 7.1 ×10-3 2.4 × 103 
Au on NAP-MgO [8] 5-7 nm 46 1.34 wt% 7.6 ×10-3 7.4 × 103 
Au on CeO2 (powder) [9] ~ 5 nm 41.7 0.31 wt% 3.6 ×10-5 2.3 × 102 
Cu [10] 5.6 nm 167 / 1.5 ×10-3 7.62 
Cu nanocubes [11] 9.6 nm 165 15 mM 1.0 ×10-2 6.7 × 103 
Cu polyhedrons [11] 18.0 nm 165 15 mM 5.7×10-3 3.8 × 103 
Au/Cu-equal on MgO 
(this work) 
4.6 ± 1.7 nm 41.7 0.23 wt% 3.0 ×10-4 5.8 × 102 
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